Study of the strange resonance Σ(1385) in the decay channel Λ π for simulated pp collisions at √ s = 10 TeV and first analysis of data at √ s = 900 GeV and √ s = 7 TeV with the ALICE Experiment Abstract. The strange resonance Σ(1385) proved to be an important tool in the Quark Gluon Plasma (QGP) dynamics studies. The comparison between yields in pp and PbPb collisions can provide an estimate of the time-span between chemical and thermal freeze-out since it approximately determines the net effect of re-scattering and regeneration on the total yield. Tools for the extraction of the Σ(1385) signal in the strongly-decaying Λ π channel in simulated pp collisions at 10 TeV will be presented. The fitting procedure involves different techniques for combinatorial background evaluation. Its implementation and its use to extract the signal, the significances and the yields in different bins of transverse momentum and rapidity, will be presented together with a first analysis of pp collisions data at 900 GeV and 7 TeV in the ALICE Experiment[1].
Theoretical Motivations
The major goal of various heavy ion programmes is the search for a transient state of deconfined matter, the Quark-Gluon Plasma (QGP): a phase transition to this new state of matter is predicted by lattice QCD when a sufficiently high energy density ( ≈ 1 GeV/fm 3 ) is reached. Strange particle yields and spectra are proposed as key probes to study excited nuclear matter and to detect the transition of (confined) hadronic matter to quark − gluon − matter. The relative enhancement of strange and multi-strange hadrons, as well as hadron ratios in central heavy ion collisions with respect to peripheral or proton induced interactions have been suggested as a signature for the transient existence of a QGP-phase [2, 3] . In recent years some studies were performed in order to explore if it is possible to experimentally determine the period of time between fireball chemical and thermal freeze-out using strange hadron resonances [4] . The short-lived resonances, detectable through invariant mass reconstruction [5] , are natural candidates for freeze-out diagnostics since their lifetime is comparable to the hadronization timescale and the lifetime of the interacting hadron gas. In particular, as one can see from Figure 1 , when both the Σ * /Λ and Σ * /Ξ ratios are available, both the temperature and the lifetime of the chemically frozen fireball could be inferred from the Σ * [4] 1 . Figure 1 . Dependence of the combined Σ * /(all Λ) and Σ * /(all Ξ) signals on the chemical freeze-out temperature and interacting phase lifetime in a thermal model [6] .
In the recent years, the resonance Σ(1385) was studied at the Relativistic Heavy Ion Collider in the STAR experiment in pp, pA and AA collisions at √ s = 200 GeV [7] .
Σ(1385) Features
The Σ(1385) is a strange resonance that exists in three charge states: Σ * + , Σ * 0 , Σ * − with the respective antiparticles. Discovered in the 1960 by Margaret Alston and her group [8] , it was found to be characterized by the following quantum numbers: S = −1, I (J P ) = 1 (3/2) + . The quark composition of the three states is Σ * + (uus), Σ * 0 (uds), Σ * − (dds). Masses and widths are summarized in Table 1 , while its possible decay channels are listed in Table 2 . Table 2 . Decay channels and respective branching ratios for Σ(1385) [9] .
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It is important to note that the two main decay channels are strong channels. This has two consequences: first of all it will be difficult to separate the resonance peak from the background because it will be quite broad (Γ > 35 MeV), and secondly it will not be possible to separate the Σ * decay vertex from the primary interaction vertex. That means that no topological selection will be possible and the Σ * signal can be extracted only through an invariant mass analysis.
Invariant Mass Analysis
The Σ(1385) resonances are identified through the invariant mass analysis of Λ and π decay particles. We explored only one of the Σ * decay channels since it has the highest branching ratio and since we are not able to identify the Σ's (needed for the second Σ(1385) decay channel). The Λ's, identified by the reconstruction programme, are combined with all the remaining pions to get the Σ * . The P t cuts, related to the detector acceptance, used for the selection of Λ's and π's candidates are P t > 0.4 GeV/c and P t > 0.1 GeV/c respectively. The Σ * shares a decay channel with another strange particle, the Ξ. So in order to exclude from the sample under analysis the majority of the Ξ's we applied some simple topological cuts. Since the Ξ decays weakly, i.e. far from the primary vertex most of the times, a lower threshold in the Distance of Closest Approach (DCA) between the decay products and the primary vertex is enough to cut away most of the Ξ's.
The signal extraction procedure was tested using a 10 TeV pp minimum bias ALICE simulation, which uses PYTHIA 6[10] as event generator, and the results were analyzed with the ALICE official simulation/reconstruction framework, ALIROOT, based on the ROOT/C++ environment [11] .
Background Definition
Different techniques were used to reproduce the background below the Σ(1385) peak: the "Side Bands" technique and the "Rotated Event" technique. The "Side Bands" technique consists in a fit of the invariant mass distribution after excluding the region where the signal is supposed to appear ("exclusion region"). The "exclusion region" was chosen as centered at the Σ * mass (1385 MeV) and with a width equals to 2×Σ * width (35 MeV). The chosen fit function is a polynomial function containing both Taylor and Laurent terms in order to be able to follow the distribution profile both at low and high invariant masses. The fitting function is then extrapolated also inside the "exclusion region" (Figure 2 ). The "Rotated Event" technique consists in a rotation of the azimuthal angle of the pion for each Λ π pair. In this way we uncorrelate the Λ and π that constitutes the signal spreading them all over the background. Up to now the "Side Bands" technique provided the best results and in the following only results obtained with this method will be shown. 
Signal Extraction
In order to extract the Σ(1385) signal we subtracted the background obtained with the function previously defined. In Figure 3 the signal after the background subtraction for pp simulations at √ s = 10 TeV (76 million events analyzed) for Σ * − is presented. As it is seen in Figure 3 , the signal peak is quite evident. The distribution obtained was fitted with a Breit-Wigner function. In Figure 3 and following ones the results obtained are shown. They are, in terms of mass and width, in agreement with the PDG values. The errors associated to the fit results take into account both the statistical and systematic component. The latter, dominant for what concerns the yields and comparable with the statistic one for masses and widths, is calculated changing the degree of the polynomial fitting function and the width of the "exclusion region". Its contribution to the yields uncertainties is found to be ∼ 20% of the extracted yield. TeV pp simulations. The errors associated to the fit parameters (mass, width and yield) takes into account both the statistical and the systematic (due to the background evaluation procedure) component.
900 GeV and 7 TeV Data Analysis
The analysis procedure described before was applied to the pp collisions at √ s = 900 GeV (11 million events analyzed) collected in April 2010 and at √ s = 7 TeV (77 million events analyzed) collected in May 2010. In Figures 4 and 5 the invariant mass distribution and the background subtracted signal for the 900 GeV data are shown while in Figures 6 and 7 the same distributions for the 7 TeV data are shown. In both cases we were able to extract a quite clear signal, but in the 900 GeV data the statistics was not enough to attempt a complete differential analysis (in terms of transverse momentum and rapidity bins). In both cases, the mass and width obtained from the fit are in agreement with the PDG values (apart from the width evaluated at 900 GeV which is underestimated). In the data analysis the errors associated to the fit results take into account both the statistical and the systematic errors as described for the 10 TeV simulations. 
Transverse Momentum Spectrum and Corrections
In order to measure the P t spectrum of the Σ(1385) we need to extract the signal in different P t bins. The P t spectra obtained in this way have to be corrected for the efficiencies and acceptances in order to be compared with the theoretical predictions. In order to properly correct the P t spectra, simulations are used to evaluate the correction factors that have to be applied to the extracted yields. In Figures 8 and 9 the uncorrected and corrected transverse momentum spectra for the 10 TeV simulations are shown. In both cases the blue histogram represents the reconstructed data, while the red one represents the Monte Carlo tagged events after being passed through the reconstruction procedure. In this way it is possible to evaluate the self-consistence of the extraction procedure that is confirmed by the results shown. In Figure 10 the uncorrected yields extracted for the 7 TeV pp data are shown. The error bars take into account both the statistical and systematic components. The latter dominates. It is ∼ 20% of the extracted yield and is due to the background definition/signal extraction procedure. This value is a preliminary and very conservative estimate and it was evaluated looking at the spread of the yield value, when changing either the background fitting function or the exclusion region or the integration region limits. New 7 TeV simulations are needed in order to be able to extract the correction factors to apply in order to obtain the corrected spectra. Finally, the correction factors map for the 10 TeV simulations is shown in Figure 11 , in which all the coefficients to be applied as a function of transverse momentum (P t ) and of rapidity (Y) are shown. The map was obtained taking, for each P t -Y interval, the ratio between the number of Σ * 's generated by the simulation (corrected by the branching ratio) and the number of Σ * 's reconstructed in the same P t -Y interval. As it can be seen from Figure 11 a strong inefficiency at low P t is evident. In Table 3 the significances (defined as S/ √ S + B) for the extracted signal obtained for the differential (only in P t ) and integral analyses of 900 GeV and 7 TeV data, and of 10 TeV simulations, are summarized. As one can see from the number reported, it was possible to extract a quite good signal in all the P t intervals analyzed. The dominant component in the uncertainties is the systematic one related to the signal/background extraction procedure as previously discussed. Table 3 . Significances of the extracted signal for 10 TeV pp simulations (both for integral and differential transverse momentum distribution, 7.6·10 7 events), 7 TeV pp collisions (both for integral and differential transverse momentum distribution, 7.7·10 7 events) and 900 GeV collisions (only integral in transverse momentum, 1.1·10 7 events). The dominant component in the uncertainties is due to the signal/background extraction procedure. 
Conclusions
In this work the tools for the extraction of the Σ * signal in the Λ π strong decay channel were illustrated. Results obtained in 10 TeV pp simulations, 900 GeV and 7 TeV data, collected by the ALICE experiment, were presented together with the first differential analysis results at 7 TeV. The Σ * signal was extracted with a quite good significance both in the integral and in the differential analyses and the mass and width values obtained from the invariant mass distribution fits are in agreement with the PDG values. As soon as 7 TeV simulation with enough statistics will be available the 7 TeV data will be corrected. The collected data are enough to produce spectra at 7 TeV and hence measure the Σ * /Λ and Σ * /Ξ ratios in pp collisions which play a very important role both in models renormalization and as benchmark for the subsequent measurement of the same ratios in AA collisions, mentioned in the motivations.
